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THE OPEN UNIVERSITY OF SRI LANKA -
Bachelor of Techriology - Level 3

CEX 3231 - Structural Analysis & Design 1
Final Examination - 2015/2016

Time Allowed 3 hours

8th December 2016 Time -9.30 - 12.30 hrs

Answer any Five questions
Please write answers clearly showing any derivations required and stating necessary
assumptions.

Qla). Method of joints, Method of sections and Graphical method can be used to analyze
trusses. Discuss their applications, merits and demerits. ‘ (6 Marks)

b). A pin-jointed truss is pin jointed to a support at U1, on a roller support (turned 45° to a
horizontal) at U3 and loaded as shown in the Figure Q1. Determine member forces in

all the members of the truss by the ‘method of joints’. (10 Marks)
c). Determine the member forces of U1U2 and U2L2 by method of section to verify the
results obtained in part b). (6 Marks)
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Q2.) a). Discuss the limitations of the strain energy method respect to virtual work method,
both are used to find the deformation of the trusses. (3 Marks)
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b). A truss shown in Figure Q2 is pin jointed to a support at U1, on a roller support
(turned 459 to a horizontal) at U3 and loaded as shown in the Figure. Take EA as
constant for all members.

i). Calculate the value and the angle of deflection at joint L2. (12 Marks)
ii). vertical deflection of joint L1. (6 Marks)

Q3) Figure Q3 shows a continuous beam with a hinge at C.
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Figure Q3

a). What do you understand by the Influence line of bending moment atjoint B of the
beam given in the Figure Q3. And explain uses of the Influence lines. (3 Marks)

b). Draw Influence lines for following
i). Bending moment at support B
ii). Bending moment at mid span of the BC
iii). support moment at C (10 Marks)

c). If following loads are moving on the beam, find the maximum Bending Moment of
mid span BC.
i). Two concentrated loads of 5 kN each at 2 m apart.

ii). A Uniformly distributed load of 2 kN /m and 2 m in length.
(7 Marks)

Data for Q4 and Q5
The analytical results of truss given in Figure Q1 is given following results.
Maximum Tension ~ 25 kN and Maximum compression - 20 kN. -
All the members are connected to a 12 mm thickness gusset plate with M 20 bolts (at least
two bolts per each connections). Equal angle steel sections are available with standard

sections and it is proposed to use single angle members and double angle back to back
sections for the design.

Q4 a). i). Explain with appropriate figure the failure mode of tension member connected
with bolts. Brief the design criteria of the tension members. - (2 Marks)

b). i). Check the suitability of 60 x 60 x 6 EA section for the tension members (6 Marks)
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ii). Now it is proposed to replace single angle member with back to back double
angle section. Determine suitable back to back double angle section by also
considering economical aspects. (6 Marks)

c). If additional 0.5 kNm moment is applied at mid span of the member check the
suitability of single angle section checked in b). i) (5 marks)

Q5 a). A compression member of a truss can be failed due to buckling or crushing. Brief
the design criteria of the compression member considering both failure modes.
(6 Marks)

b). i). The upper chord of the truss (Figure Q1) is subjected to compression. Check the
suitability of 60 x 60 x 6 EA section for the member. (Assume member is fully
restrained at mid span for the buckling). (4 Marks)

ii). Now it is proposed to replace the single angle members with back to back
double angle sections Design the compression member with suitable back to
back double angle member.

(6 Marks)

The radius of gyration of double angle member is given by
I xx (double) = r

.2 " 2
¥,y (double)=r, +(c, +1/2)

Where 1y, 1yy and ¢y have their standard meanings and thickness of gusset plate is
taken as 12 mm.

c). Explain why slenderness ratio should be checked for axis vv other than the
horizontal and vertical axes (xx and yy) for a single angle member. (4 Marks)

Q6 a). Discuss the failure modes of a bolted joint with suitable diagrams. (4 Marks)

b). A tension member designed with 90 x 90 x 6 EA is subjected to 110 kN.
i) By considering the capacity of a M18 bolt find the number of bolts required.
(6 Marks)

ii) Detail the joints with a neat sketch by considering all important details.
(4 Marks)

Assume ~ the member is already designed for tension.

¢). A simply supported beam of 5 m effective span is subjected to 10 kN/m dead load

and 6 kN/m imposed load.
1). Find the design load and maximum bending moment. (2 marks)
ii). Design the member with 457 x 152 x 82 UB section. (6 Marks)

457 x 152 x 82 UB Properties : D - 457.2 mm, B - 153.5 mm, T - 18.9 mm , t=10.7 mm,
A -104.4 em?, Zxx - 1555 cm?, Zyy -142.5 cm3, 14« = 18.6 cm , Iyy = 3.24 cm
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7 a). Explain why basic wind speed cannot be directly used to calculate dynamic air
pressure results from the wind.

b). Explain following terms with suitable sketches.
i). Plan area, ii). Slope area, iii). Wind angle, iv) Wind direction v). Post disaster
structures

(3 Marks)

(5 Marks)

c). A steel column is joined at top with pin support and bottom with fixed support. The
column has cross sectional area A and elastic modulus of steel is E

i). show that effective length of the column is nearly 0.7 L, where L is original length.

if). If 1ength of the member is 2 m check the strut can withstand 20 kN comp

(8 Marks)
ression

load applied without any eccentricity. Assume a strut has square section with 0.02

m side. (4 Marks)
Allowable compressive stress -~ 150 N/mm?
Elastic Modulus of steel - 200 GPa
DATA SHEETS
coifs |G |Momentofinertia |  TERET | 2
a T M 1 Fra |l ‘Ag CX i , REi S \ayla :
~mm |mm| kg | mm {mm}|cm?]| cm cm?
50 x-50 |5 3.77 |70 |24 ]4.80 [1.40 ‘ 3.05
6 4.47 17,0 (24 |5.69 [1.45 |12.8 0.97 |3.61
7 582 {70 |24 [7.41 |1.52 16.3 1.48 |1.86 |0.96 |4.68
60 x 60 |5 4.57 18,0 2,4 15.82 [1.64 |19.4 1.82 [2.30 |1.17 J4.45
6 542 18,0 |24 [6.91 |[1.69 |22.8 1.82 [2.29 |1.17 [5.29
8 7.09 18,0 2,4 [9.03 .77 |29.2 1.80 [2:26 |[1.16 |6..89
10 18.69 18,0 2,4 [11.1 |1.85 |34.9 1.78 |2.23 |1.16 [8.41
7/0x70 |6 16.38 |90 (24 [8.13 |1.93 |36.9 2.13 |2.68 [1.37 |7.27
’ 8 836 |90 [24 |10.6 |2.01 |47.5 211 [2.66 .36 |o0.52
|10 [10.3 |9,0 |24 |13.1 |2.09 |57.2° 2.09 263 |1.35 1.7
80 x80 |6 7.34 |10,0 |4,8 [9.35 |2.17 |55.8 244 13.08 |1.57 [9.57
: 18 9.63 |10,0 |4,8 [12.3 |2.26 |72.2: 2.43 13.06 |1.56 [12.6
: 10 |11.9 |[10,0 |48 |15.1 [2.34 [87.5 2.41 |3.03 |1.55 |15.4
90x 90 |6 8.3 |11,0 |48 |10.6 |2.41 [80.3 2.76 [3.47 [1.78 |12.2
8 10.9 [11,0 |4,8 |13.9 [2.50 |104 2.74 |3.45 [1.76 [16.1
10 134 [11,0 4,8 [17.1 |2.58 |127 272 13.42 |1.76 |19.8
: 12 159 [11,0 |4,8 [20.3 |2.66 }148 2.70 |3.40 11.75 |23.3
100x100|8 12.2 12,0 |48 |15.5 [2.74 |145 3.06 |3.85 |1.96 [19.9
12 1178 |12,0 |48 [22.7 [2.90 |207 3.02 13.80 |1.94 29.1
15 [21.9 |12,0 |48 [27.9 |3.02 |249 2.98 |3.75 |1.93 [35.6
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TABLE 18. ANGLE STRUTS

Connection

Sections and axes

Slenderness ratios
{scenotes 1 and 2)

By
.’L.ﬁf-;z:' b LN
¥y -- H
la Ha

vvaxis:0.85L ., /r,, but =0.7L Ir,, + 15
aaaxis: 1.OL,/r,, but =0.7L, /r,, + 30
bb axis: 0.85Lyu/ry, but 20.7 Lyg/ry, + 30

.
E7 | e o
b ol -

(See note 3) la yi e

vvaxis: 1.0LJ/r bat 20.7L., /r.. + 15

aa axis: 1.0L,,/r,, but =0.7L,,/r,, + 30

bb axis: 1.OLgy/ rpy but 20~7Lbb/rbb + 30
(Secenote 3)

o

(See note 4)

xx axis: 0.85L,,/r; but 20.7L,/r,, + 30
yyaxis: 1.0L y/r, + 10

(Secnaotc 4)

xx axis: 1OL o/r but 20.7L,./r .y + 30
yy axis: 0.85L y/ry, but 207 L Jr,, + 10

NOTE 1.
NOTE 2.

NOTE 3.
NOTE 4.

The tength Lis taken between the intersections of the centroidal ax
tive of whether the strut is connected to a gusset or directly to an
Intermediate lateral restraints reduce the value of L for buckli

between lateral restraints perpendicular to either 2a or bb,

es or the intersections of the setting out lines of the bolts, irrespec-
other member.

ng about the relevant axes. For single angle members, L ,, is taken

For single angles connected by one bolt, the aliowable stress is.also reduced to 80 per cent of that for an axially loaded member.
Double angles are interconnected back-to-back to satisfy Clause 37,

TABLE 2. AL,LOWAE:-LE 8’[ RE:SS Doe OR p;,, IN BENDINU
(See also Clauses 19.drnd 20 and Tables 3 and.4)

L Grade

Th:ckness
- of material

hot r@ﬂed hoﬂow sections:” ll

'bdrs plates. wzdc flatsand

40 but= 100

Comp Siird beams: compo‘ss,d of, : : =
rolied sections plat&d with fhxcknes:; 0 =63 2
—of plate.. = >53but = IOQ z1
w Double chcmnfl sectzons formn‘u an i i
E ,yxnmc‘.tngal I—scct:og whxch acts #s 55 o5 580
Can 1nhegr‘nl unit: : N '
Plate gxrders with smgle or 43 =40 ‘
multipltewebs >‘-4Q*bu; = 100
' L03 bur=1000
55

| 265

Slab bases

CiAllsteels o 185
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BS 449 : Part 2 : 1969

17a. ALLOWABLE STRESS p, ON GROSS SECTION | Asatered
R S = ) TAL COM ESS]QN g 4 Dec; 1989

: »ste_el Seben i

| p. (Nimm?) for grad
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TBS: 449 : Part ‘

 ALLOWABLE STRESS pi,c IN BENDING (N/mm?) FOR CASE A
OF CLAUSE 19a(2) FOR GRADE 43 STEEL N

biT

30
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Appendix - BS 449: Part2: 1969 Tables & Clause
from BS 449 Table 10: Allowable maximum shear stress p,

Allowable maximum shear stress p, for sections, bars, plates, wide flats and hot rolled
sections of grade 43 steel:

For thickness < 40 mm:
For 40 < thickness < 100 mm:

125 N/mm?
115 N/mm?

BS 449 Table 20: Allowable stresses in Rivets and Bolts (N/mm?)

Description of fasteners Axial tension | Shear Bearing
Power-driven rivets 100 100 300
Hand-driven rivets 80 80 250
Close tolerance and turned bolts 120 100 300
Bolts in clearance holes 120 80 250

BS 449 Table 20A : Allowable Bearing stresses on connected parts (N/mm?)

Description of fasteners Material of connected part

Grade 43 Grade 50 Grade 55
Power-driven rivets
Close tolerance and turned bolts 300 420 480
Hand-.dnven rivets 250 350 400
Bolts in clearance holes

BS 449 Table 21: Edge distance of Holes

Diameter of hole Distance to Distance to rolied,
sheared. or hand machine flame
flame cut edge cut, sawn or

planed edge

mm mm mm

39 68 62

36 62 56

33 56 50

30 50 44

26 42 36

24 38 32

22 34 30

20 30 28

18 28 26

16 26 24

14 24 22
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Spacing of Bolts

The BS 449 clause 52 gives the following parameters for positioning of bolts based on
clause 51 pertaining to rivets.

Minimum pitch (BS clause 51 b):
A minimum clearance should be available between adjacent bolts; this is specified in terms
of the pitch i.e. distance between bolts as follows:

Minimum distance between centres of the bolts shall
£ [2.5 x nominal diameter of bolt].

Maximum pitch (BS clause 51 c):
There are a number of conditions given about the maximum distance between adjacent
bolts. The main conditions are as follows: (please refer the BS for the complete
specifications).
(i) The distance between centres of any two adjacent bolts that connect together
elements of compression or tension members, shall
# 32t or 300 mm, where ¢ is the thickness of the thinner outside plate.

(i)  The distance between centres of two adjacent bolts in a line lying in the direction of
stress, shall
# 16 ¢ or 200 mm in tension members, and

¥ 12t or 200 mm in the case of compression members.

(iif) The distance between any two consecutive bolts in a line adjacent or parallel to an
edge of an outside plate
#[100 mm + 4 7] or 200 mm in compression or tension members.

(iv)  When bolts are staggered at equal intervals and the gauge does not exceed 75 mm,
the distances between centres of bolts as specified in (i) and (iii) above may be
increased by 50 %.
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